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to  improvcr.orits  in  sn-'^n^  nor ‘or nance  alone* 

Model  ll'jP-A,  the  196  '  aircraft,  perforns  th*-  specified  ni"sio  1  •r' thout 
conpronisc  and  at  a  dosirn  ''rors  weiynt  of  po 'ik  s# 

Model  10  i8-b,  ‘Atlth  Allison  T’O-Bl  engines,  schod  iled  to  be  available  in 
i960,  and  MsiiV'  ater  iTrS’ cf  on,  ’-n'.on  necossarr*  to  I'.Tr’.it  ne-^ting  the 
hover  ceiling  rep  li ro'^entr,  al''o  p-^rforns  ‘lie  srecif"' -^d  nisrion  r-'t  at 
a  tab.e-off  :ros.‘3  '■•oi'-iit  of  V''!, ‘)0U  pcrji 's* 

Model  lOii^-D  is  identical  to  ..del  l"Ji^-A  oy.cent  for  tno  engint  s,  r»'ar 
boxes  and  propullers*  £i  -i.b  Aliisor.  <01-D'^  -*as  turbiT'os,  scheduled  for 
production  in  l?^'',  driver  four  dual-  ’OLation,  eivht-  lade  propellers 
approximately  1''^  f e^t  ’.r  diameter*  These  propellers  use  a  C’Trently 
available  Curtiss4vilg:it  blade  design*  By  usinr  watir  ini<^ct"or  and 
taking  off  at  an  overload  nross  vcight  of  '*3j600  poun  Is,  i:o;;el  i  V'^-D 
can  earn/  a  payload  of  three  tons,  uith  a  radius  of  action  of  .310  "liles, 
assuming  take-off  from  6OOO  fueb  altitude  and  9',)^*  '•-ith  star.'.ard  temper¬ 
atures  at  this  altitude,  Kodel  10l;P-D  rould  be  aile  bo  carry  tiu.:  full  four 
ton  payload  the  entirr  rudius  of  miles*  This  macnine,  is  therefoi’e, 
recommended  for  immediate  Jovelorment# 
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Propel Icpl.-t.'.r*  Trar'pc:*'.  :>•,  .:1- 
C  r.'r  lioi.r  1^-'"  (  j) 


r 


1. 


.DV.TIO: 


Afier  Viorlc  Wnr  II  me-  firs’  si'roe.ssf.i  VTCL  a.rcrr***.,  i:.f'  ficii^cpier, 


vTS  er-crret-ically  icv^lorec. 
snnll  nil.-:  F'rs  d  iri..''  ir.e  Ifi.T, 
i  ecar**  the  rrovir.*'  TOisrid  f  :* 
cor.i  a'v,  ar.d  ii  v."\s  ir-erc 
q'^aliiies  for  r*ilitar"  irn.vnpo 
adequacies  of  rcriprocatir.  * 
ase  In  rnany  future  c^r.^a*  Iran 


■  ri  ,(4  L 
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of  fire  i.n 

- 

;  t;.n  O'’  fw-  war 

,  :  ut  me 

Korea*. 

..  .f,  •/'SUl 

*'  •  of  l‘.f* 

tel icon ter  in 

.  1 

errned  r*'CC''*r.i 

tior.  uf  ' 

*.  i.n  iispe.n.aablo 

•*  • 

•  V 

mis  Flo*. 5.  bv 

tne  same 

s:  srt  .?i*. u  -.iior..'’'  vas  o'S-'r-v^-i  *v  Arrr.*  ar.d 


Karine  Cores  leaders. 


Concurrently,  post-var  ievelorneni  of  t'jLr'ro-''ei  ar.d 
plants  opened  the  way  to  i.ne  romiil.t'  of  ies-'n.ir. 


I  ***  ^  «,*q 

v<  rtical 


•  over 


aircraft  no*  involvlnr  t.uc  u.s-  of  la:**e  ar*  "  i*’*  d  or  SE-.i- 

ar’wiculated  rotors,  and  r.a.ny  scr.er.es  were  e  ;va;.c<^  :  for  ex'^lcl*  inr  this 
po.ssirility .  The  rost  irqjT'^ssive  <=‘nriy  results  vero  t.ne  two  l!a\r/  VTOL 
fighters,  t.ne  XiT-l  and  Liie  XrV  -1, 


In l?$l4 personnel  of  fn*-*  Arr^/  Transnortation  Corps,  r'^co.-’nizin^  tnat 
comprehensive  enqineerinr  studies  were  required  for  guidance  in  future 
development  of  combat  transport  aircraft,  initiated  a  broad  cooperative 
proF^ram  of  study  and  evaluation  of  various  VTCL  and  5T0L  aircraft  con¬ 
cepts. 


Because  of  its  prior  nistor;  of  interest  ir.  nropollor-lif ten  ai. ''craft 
and  as  a  pioneer  exponent  of  t.ne  tiltiny-van  •  turbo-nroneller  lifted 
concept,  Hiller  Helicopters  v;as  nwardeu  in  March,  Contract  Tonr- 

165^7  (00)  to  study  and  evaluate  the  development  prollens  involved  in 
this  sepment  of  tne  VTOL  aircraft  p.''o'Ta.’".. 


In  order  to  .make  possible  a  valid  comparative  .'valuation  of  t!ie  several 
aircraft  desians  issuiny  from  ti.e  diffcror.t  mrouns  involved  in  the  pro- 
rram,  a  statement  of  the  operrational  problem  and  the  ’u  iform  desim  con¬ 
ditions  to  be  used  as  a  i  a.sis  for  study  was  formula t'^-d  at  a  meeting  of 
the  Militar;/  and  contractor’s  representatives  at  the  0''fice  of  Naval 
Rese.arch  on  Aoril  27,  19’^'",  and  amplified  by  later  meetinrs  and  direc¬ 
tives. 


Within  the  frame  work  established  by  specification  and  arreement,  the 
nrimary  obiective  of  the  v/ork  to  be  performed  by  Hiller  Heliconters  was 
to  make  a  preliminary  design  of  the  optinr.umi  til  ting-wing  turbo-proneller 
lifted  aircraft  capable  of  accomplishing  the  specified  mission,  A  sum¬ 
mary  of  the  results  of  that  work  is  presented  in  this  report. 
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Prorelloplane  Transport  jludj'  ijurr-ar.*  Heport 

Contract  JJonr  1657  (OD)  1^  J<ay  19*^6 


SLCTIC:;  I  -  DSFI’il!  J  THE  P:tw?tLE>' 


A.  KlSSIOf:  ^^UR£^S?:TS: 

Tno  operational  probler.  and  specified  characteristics  of  the  VTOL 


catogor;  of  aircraft  were  stated 

as  follovfs: 

a) 

Payload 

^000  lbs.  out 

LOGO  li  5.  return 

b) 

Take-Off  Distance 

0’  over  a  % '  obstacle 

c) 

Cabin  Size 

X  9'  X  Length  Required  for 

35  Troops 

d) 

Cargo 

35  Combat  Troops  or  Equivalent 
'.veight  of  Vehicles  or  Equipment 

e) 

Hover  Ceiling 

6000'  Altitude  and  95°F.  Ambient 
Temperature 

f) 

Minimum  Cruise  Speed 

300  >7>H 

f?) 

Radius  of  Action 

li2S  Statute  Miles 

h) 

Flight  Profile 

Cruising  Altitude  Optional  Excent 
for  20%  of  Radius  Ad.iacent  to 
Destination  at  Sea  Level 

i) 

Landing  Surface 

For  Rolling  Take-Off 

/A  «  ,2;  UCl  -  15 

j) 

One  Engine  Out 
Performance 

Aircraft  to  Remain  Controllable 
following  failure  of  One  Engine 
and  be  able  to  make  a  "Controlled 
Crash"  Landing 

Several  items  of  considerable  importance  in  their  effect  on  the 
parameters  of  the  aircraft  were  necessarily  unspecified  in  order  to 
accommodate  a  wide  range  of  types.  In  regard  to  these  optional  con¬ 
ditions,  assumptions  were  made  which  seemed  compatible  with  the 
mission  and  type  of  aircraft  being  considered  by  this  contractor: 
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ropc'.loplnr.e  Vra.'tsvort. 
or.traci  Kor.r  1: ‘f?  (X)) 


;:n  v  '  ' 


x)  »*o*/c**  U* II* a T  ^  o*^ • 

Thf*  line  ji:*eri  lo  la/eoi'r,  din'  v''rii callv  lo  f-  ri 
aliilude  a.-.d  con*.'cri  lo  I'ar  ar  i  fli  i.i  '.  aT  n  r -n  •  •  ♦ 

ninuie.  A  lolal  line  cf  ..  nlnuies  p<  r  •*  ssion  was  allcr/e  ! 
for  lakc-offs,  convf'rsior.s,  aui  lan'iinr:s.  I.oas'ire-tTnl  of  me 
line  required  f^r  fully  loaded  Doiqlas  ar.  i  Loc'<i\eed 
Consiellaiior.  lircrafl  lo  acceleraie  fron.  resi  and  dinb  lo 
approxinaiely  *"  feel  irniicaier.  i!’.al  •  e  ass  ;ned  line  of  or/* 
r.inuie  is  excessive.  The  lov:  power  loadinr  of  Vi'LL  aircraft 
conpared  lo  fixed  vrij.r  airUners  assx-es  a  nuc;;  Inner  accel¬ 
eration  ard  indicates  m.ni  un  ier  r.ornal  conditions  consider¬ 
ably  loss  tine  •.•.*o  ild  te  resiired.  *r.o  v/in*  tilt  act'-.aiinr 
nechanisn  *;as  desi"nei  to  till  me  v.‘lr.~  i.'i  I’j  scconus. 

2)  Cruisinr  Altitude; 


Crdsinr  Altitude  has  reer.  nrriiraril*'  United  to  ’>et 

to  nake  possible  safe  operation  withoui  nrcsfirizira*  th^  caiin. 
This  assanptior.  •}OC''ibly  Innoses  a  penalty  upon  tn.c  riesi nr., 
because  in  addition  it!  tr.e  usual  perfor.nance  -ains  associated 
*/ith  increased  altitude,  i.ie  increased  cropulsivc  efficieiicy 
of  the  propellers,  v/hich  are  necessarily  toe  'i'^htlv  loaded  in 
forvrard  flight  at  low  altitudes,  r.i'dit  none  *  lan  cor.nensale  for 
the  increased  structural  and  pressurizinr  eidnnent. 

The  effect  of  altitude  was  not  included  in  selectir.r  the  oarane- 
ters  of  the  ontin'ur.  aircraft,  because  it  would  incree're  fne  v.-ork 
required  beyond  O'lr  capacity  in  the  sched  :led  period,  and  because 
the  intended  enploynent  of  the  a-'roraft  accents  its  lov;  altitr.de 
capabilities.  The  effect  of  cruise  altitude  on  nission  perforn- 
ance  for  the  final  ontinun  desicTi  is  shewn  in  Fir^ure  10, 

3)  Provision  for  Fnfrinc-Fail’ure  Safety; 


The  requirement  for  ability  to  make  a  "controlled  crash" 
landing  follovrin<c  failure  of  one  enqine  is  the  least  amena¬ 
ble  to  proof  outside  of  actual  exp'^rience.  Our  desims  are 
based  on  tne  premise  that  if  adequate  reserve  mower  is  avail¬ 
able  to  reduce  the  the  rate  of  descent  to  a  moderate  value  fol 
lowinq  failure  of  one  engine  and  reduction  in  mower  of  one 
other  engine  as  required  to  obtain  trim,  plus  some  si,'.all 
alloi-Tance  for  roll  control,  then  interconnecting  shafts  may¬ 
be  dispensed  with.  The  optimum  aircraft  will  hover  out  of 
ground  effect  at  5h00  feet  altitude  in  the  standard  atmosphere 
with  the  most  critical  power  section  inoperative  and  the  re¬ 
maining  power  sections  delivering  normal  rated  power.  The 
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ro|»ollo''.i  ."raj.sjTor*  .>1  isy 
on’-r^ici  JioMr  1*^^  ’  {^'j) 


■■ .  .c;. :*•  o:’  "•or  r^l.  <:  TAsr."  In*  li:  a  vr  ^ 

'li ‘ii  Ic  ris U:.  i'-r  i:.c  r.osi  r  .•vri’H.:  ccr. 
.  ov/’-rln  ‘  A*  ct  move  i*.*'  tou;.':  ni  u 

r.ii  '  Al  ."vi:  .‘Ail  LTC  o:*  o:.c  ‘  ov.cr  *11 

, iMwHnLA.’.voj:*  A  li ‘Alio:  or  ua  r 

:*er  niT  lr.  •  S'v/er;  •••..ivt-  •  i.rir.f'O  v.cul  i  rc*^:  . 
o:’  'I' 3c.';.r  'Ll  i.  ■AC-  '  *  ■  ••mr.  :>oi  ;< 


.  .  • '  a 

of 

:‘^ci  Siiii-:  :o 
l.o-'v 

r  "  lx  o:'  ihe 
i.*.  ir.  v**iOcliv 
Z'  3  '  Z  C  Z I '  •  • 


.)  "•  ..In;  •  i^need; 


Tr.e  specifii-ci  r.ir  ’  .  't.-ul’'* r.-  speed  oi’  3*  .ii^a  r  r  ..cur 

v;cr.s  .AS3u;'.oci  lo  •  e  .i  '-'ji  jal  oru^sir.  *  r-red  ir.ro  i  •  *0'ii  I'/j 
slud'  .  Pov.'cr  piAni  •  fv-ni  diLrin-:  sruisi.o-  .''lirr.l  was 


l:'.c  subject  of  "  s..p'':‘n'  s’  :dy  alrod  ni 
cpli.'.o;-.  divisior.  of  (!*'"^daj.d)  nov’cr  ar.on 


ci^r'ir.i;)-’  tb.e 
•;;e  i.'.rtalled 


po'.for  S'^ctions. 


Lond  Factors: 


Sped  ficatior.  of  11  !*  load  faf'tors  is  r.<^cessarp  for  tr.ose 
cor.oonents  of  the  aircrnfl  whose  •.•cirht.s  can  not  be  estimated 
from  er.ni»'ical  forpulnr*  derived  from  e.xisMnr';  aircraft.  ;*’or 
the  tiltinfj-vir;'*  aircraft  th^sc  include  tne  ’..-in'*  weirht  and 
v.’cifTht  of  hinres,  nctuatinc  nechanisn  and  control  devices. 
Load  factors  clo3*jIy  aonroxinatinr:  those  st'^-cified  by  apoli- 
cable  Civil  Aeronautics  Authority  requirerer.*s  for  aire.'^aft 
of  similar  size  anc  function  were  selected. 


SLCTICK  11  -  J251f3;  VAKIlPLr.S 


A.  Ccr.fi .yurational  Vari abl js; 

The  major  alternative  configurations  considere-i  ‘n  this  study 
prior  to  the  scl3Ction  of  the  final  desit-^n  art  illustrated  in 
Figure  1.  The  :no.--t  basic  of  these  is  the  r..:i;‘iher  and  arrarifrement 
of  power  plants,  propellers,  and  nacelles.  Preliminary  wei'-ht 
estimates  indicated  that  the  t;'o  nacelle  confif^uration  -was  in¬ 
ferior  to  the  four  nacelle  confi 'duration  in  aircraft  larger  t..an 
approximately  60,000  pounds,  and  more  detailed  recent  studies  made 
in  connection  v;ith  another  model  indicate  that,  depend! nf:  unon  the 
hover  ceilin"'  and  pow^r  plant  characteristics  assumed,  this  weirht 
may  be  as  lovj  as  /j0,000  pounds.  Practical  considerations,  such  as 
maintrJj'.iiiy  moderate  propeller  diameters,  reducing  year  box  sizes, 
and  eliminatii.y  the  interconnecting  shafts,  also,  influenced  the 
decision  to  use  four  nacelles. 
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quantities  of  :looci  air  renulr-.-j.  Our  es’.lnatt's  ‘ndicatc<i  that 
fron  a  '.:ci'’ht  rtar.ci*  ::t  *ail  roto’^s  and  tail  /pts  '>1  's  *hp  ''uel 
rrG.;ircd  for  tneir  on»^rnt' -n  verc  rfu,t'.ly  f?  sivalent  v:t;;  ror\ti 
iiGT.'ar.taf’o  accruin’:  *c  tiTr  ‘.cr^  "fficicr.t  'nrust  '^roduci nr  rotors. 
However,  in  o»*r  .iuci'r.ent  tno  advar/nro  was  rot  -Teat  enourh  to 
varrant  the  corrpli cation,  drar  in  foivard  flient,  vibr?fion.  and 
riaintennrco  diffi  C”.!:;.'  ir.cjrrec  ry  their  i:re.  Tne  h:  rr  sne  .  fic 
ti.rust;  sr.ali  size  tcrlo-.'iLt  onrines  rov  im  ‘no  iuced  are  ieally 
suited  to  tnis  Si.ort  life,  Inir'r.-dttent  operation  apniicaticr.. 


ThrO'-  fuel  stora  e  locations  ai'o  illustrated.,  each  havin’*  sor:e 
acv.M.to  -uG.  For  naxirutn  acrod;uiariic  and  structural  efi  iciency  tue 
winf,  tip  location  ir  favored.  In  the  final  optir.ur.  desni  the  o'”- 
board  nacelles  v.’crc  iocutcu  at  t.ie  tips  so  tnat  the  undersl’ir.i:  : antes 
vjere  required.  This  position  aids  in  oltaininr*  nrorer  center-of- 
rravity  novement  of  th.o  aircraft  durin?;  transition  fror.  ’’ertical  to 
forward  flirht  and  is  favored  frer*  a  safety  and  constructional  stand 
point  over  the  fusela  -c  ncld  location. 


The  selected  landin."  ('ear  arranf’^enent  consists  of  a  v/heel  and  shid 
combination  v;hich  provides  a  rollinr;  contact  area  havin^^  a  Unit 
Construction  Index  of  iil  and  is  adequate  for  use  on  flexible  pave¬ 
ments  and  landin-  mats.  V/ith  the  skids  lowered  for  vertical  landing 
on  unprepared  surfaces,  the  contact  area  is  si.'’’''icient  to  n’ive  a 
pressure  approximately’’  the  same  as  that  of  a  truck,  3/h  ton,  h  x  Zi, 
weapons  carrier. 
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T.-.*  '  .  a*  as 
•ara**' '  o  ”■ » 


Ir.ovi  va'':lo 
\:v'  s*-!-:;.*  ob¬ 
jectives  v.’ithir.  the  oeriod  available.  The  r^llo’rlr.'’  farar.eters 
v;ere  considered; 


a)  Gross  Vci 'ht 

b)  V/inr  Loadinr 

c)  Aspect  datio 

d)  Propeller  Dis':'  Loadinr 

e)  Propeller  Tip  Speed 

f)  Kunber  of  Blades 

g)  Blade  Activiip  Factor 

C,  Soecifi cation  of  K’lrnisr.ings  and  Lauinr.ent: 

It  has  been  observed  rJiat  considcr-'»ble  vari-'’tion  exir*s  a:rcng 
the  various  grouns  concern-^d  in  t.ne  rres.’nt  prorran  as  tc  me 
weight  allowance  nade  for  the  aircraft  furnishinrs  ai.d  fixed 
equipnent.  In  this  studp  a  conscientious  effort  ••as  nade  to 
make  weight  provision  for  all  the  n;uncrous  pieces  of  opr-raticnal 
equipment  ultimately  deraanded  in  a  fully  developed  rrlitan’- 
transport  aircraft.  The  list  of  items  considered  i;as  a  iapted 
from  the  standard  furnishings  and  eq’dnment  groups  of  currently 
operational  military  cargo  aircraft;  therefore  this  moup  veirhu 
is  subject  to  review  by  the  orocurin^  amney  if  it  aovears  that 
certain  items  are  superfluous  in  the  intended  employment  of  the 
aircraft. 
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Propel! cpl "rar.spor:  ay 
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a.” 


L  .w 


Ail*,  ir.f'  IOC  Is  a:;  :  r.eiiio^s  acvelope<i  Ir. 
cedln"  seciion,  ir-ree  orolir.ir.ary  icsur.s 
lifted  air  raft  r.ave  leen  rroiacod.  .r.ese 
Transport  y.odols  1j..  -A,  li /-P,  an.:  Lj:/- 
could  :c  available  ir;  1>^0,  ar.d  19*^^ 


e  irjr-:  re-  ^ .  ti  j 
of  *  - 1 1  ir.r- 'i.'.e 
are  .osi.T.a’v'-i 
a,  ar.d  repr^-j=  r. 

,  r*“5pect^  v^•»y, 


.r.  t.'.fc  •  ;•*- 
lur'rc-oropf-: r 
Propcll  '  U'.e 
a ^  “craft  *  at 


T.ie  stir.'  v'lS  principally  dir<-*cted  tcnrard  ir..  jesl,-;;.  o:  !  c  i*il 
At  the  request  of  the  procirir.r  -i-cncy,  aijitior.al  r"id!-  r  were  tc 
develop  Kodel  10.’/ -9,  dosi'Tied  aro*i;'.’i  fie  Allison  Modol  -PI  '’as  * 
bine,  scheduled  for  availability  in  1960,  .Ooicl  11.  -Dwas  incl  i  :ed  to 
show  how  ."'ir.jf  revisions  in  the  .specified  r.irsion  re  riir'’'**‘Ttn  --o  :l': 
perrdt  irr.cdinte  devclop.nent  of  a  -  .actical  .nacnlnc. 


A  General  Arran.'’er.ent  jrawinr  tf  I.orie 
is  iiiCludr»d  for  inforr.ntior..  V.oi-f:  or 
a  prelirin^r  v;ei  'nt  oiitinatc  when  it 


1GjV'-C,  a  f.ro-r.arolio  c.  r.firuraticr., 
.‘“S':  *1.  ’'t-t  :  ct  !Ctri“''. 
jcar.o  obvio  .s  t.mt  it  •.  culd  .•'iOt  re 


corepetitive  with  the  .''our-nac'^lle  con fi rural*  on. 


General  Arra:.''or.eni  Dra’wini:  10. /-A -DO  1  and  lr»board  Profile  Dravrlnr  1  '.*’-0^2 
apply  specifically  to  Ko<iol  1'.'.  -A.  bi.'ailar  irawin  "S  for  yonel.s  a.nd 

10I/-D  ‘..-ere  not  prepared  i-ccaus^  o’f  their  ricarl-  iicr.t’cal  '’patir’es.  Tine 
differences  in  dirv  r.sion.n  of  the  fnren  r.oiels  are  liste.i  ir.  th*-  ‘aVle  of 
ieodinr  n'^rticulnrs. 


A.  Dbiol  ?N  rEATU.-UlG ; 

1.  Pilot's  Cnhini 

V/eirht  and  .space  orovisicn.' have  been  r.ade  for  a  I'i  iot.,  corHot, 
and  flif^ht  enf^ineer.  Acce.sr  to  the  oilot's  cabin  is  rrovi  ied 
through  an  interral  side  door  an:'  ladder  or  throug'n  the  deer 
leadinr  to  the  car^o  compertrceiit.  An  encrrency  escape  hatch  and 
tube  to  the  bottom  of  the  fusela,;e  is  also  provided,  '..'oirht  and 
space  provision  for  the  electronic  and  conmuni''’ation  equipment 
is  made  on  the  flir^ht  deck  adjacent  to  the  flight  enrinecr's 
std  bion. 

2.  Carc;o  Compartment; 

Cargo  compartment  dimensions  are  x  9'  x  33',.  ai:d  it  has  a 
capacity  of  33'  infantry  troops  or  18  libbers  or  one  brack,  1-1/2 
ton,  6  X  6,  cargo  and  personnel  carrier,  or  3  trucks,  l/h  lonj 
h  X  li,  utility.  The  large,  unobstructed,  real’  loading  ramp  may  be 
loviered  for  .ground  loading’  or  raised  to  truck  bed  hei^nt, 
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Tra:.5:*0'*t. 
w  r-  > 


.•,riv 


.  ar 


'e'  r' 


I'tii.y  reirF>ciaT  i#'  zo:  .a-i  ‘  ariJ  v.-.  • 

.j  ;*C}  cf.  c  as  ’  -i.r  I  •a*  M'ynt.  -u 

rioiftl  ...  ’c.'-  l'>..  c.*.  3'?’.  y.'';*’pr 

a-C'Uaic  *vire  ccr.i.ncl  rroa  ;'or  o*o.**aiior.  ;“;•  *  • 
The  5<ids  arc  ay  traul'. -•.•inLCi.aMe  lo  i.,*.- 


*'*  '  area?  ar*’ 
a -  .-jjvavs. 
■’o:- arh  riigni 


.a*. din  *  noaltion.  ..i  '  •  ^t:ar  is  acc‘  ssi:  It  .‘ro;.  •*:  l*  i:. 

the  aircraft. 


**• 


The  el^hl  po*..er  fccliors  are  -cared  in  oairs  to  four  ;a1 -re tatter 
si.x-fcladed  oropeilers.  FircvT^lls  bctv/ccn  ti^e  no*--*  r  n  ctlor.*-  and 
Individ -lal  oil  tanks  and  coolers  are  provided  for  .-^xinit-,  protcc- 
tio.n  P'-alnst  enr^ine  rallu.'T..  Ovcrriz-uninc  cl*  *r'-«n  hcl-*een  the 
pover  sect' or.  o-’tj  ui  shaft.s  and  'car  lox  ir.-njt  r.-iafts  •'rotido  for 
disen ’p^C'.ont  cf  a  fai>a  po;  cr  section  or  -'or-  vol  tntar'  .nhut  down 
of  pov:or  aecLions  In  cruisine. 

5.  Kcchanisn  (Dravir..'  10i:^\-C03) : 


Stractir.a]  offici'T.c:;  o'*  t‘ c  v.-inp  is  not  ir.pA-r  -'i  r-  the  hinped 
conijocf'on  to  the  fuscla -e.  VV  lorre  cro.ss  srrt'onal  ar^a,  tve- 
spar,  tapered,  ca.ntilrver  w.n,*  beam  is  co..tinuo-.-.s  rro.-n  tip  to  li”’. 


The  winr:  is  hinped  at  the  ror.r  spar,  located  rt 
chord  station.  Coer Jina ted  Vail  bearinr:  re.-'f 


'^‘1  oercent 
‘ach.s.  rov/erch 


o  central  /|0  horsoMO’-.er  hyoraulic  i.otcr,  tilt  'he  winp  threuj^h  its 
90^  tilt  ran  :e  in  t-.-;enty  secon  s,  th  appoxin.atc  tire  required  to 
accelerate  the  aircraft  from  hover  to  airolane  '’lipht  speed.  An 
emer'-ency  standby  electric  r.otor  and  hand  crank  are  availa'-'le  to 
actuate  the  sere;-;  jacks  in  the  event  of  .lydraulic  system  failure. 


The  critical  compression  load  on  the  screw  jacks  v?as  found  to 
occur  on  the  ground  when  a  horizontal  decelerating  force  is  applied 
to  the  aircraft  Trith  the  wine  in  the  vertical  position.  Hydraulically 
actuated  lock-pins  secui’e  the  win;;  in  the  airplane  configuration. 

6.  Control  Functions  (Drawings  lOliSA-OOlr  and  IQIlSA-QQS): 

In  addition  to  the  usual  airplane  surface  controls.  Models  lOhPA, 
101|8B,  and  101|8D  are  provided  with  auxiliary  means  for  control  in 
hovering  and  low  speed  forward  flight.  Longitudinal  and  directional 
control  are  provided  by  directing  the  exhaust  gases  of  a  small  turbo¬ 
jet  engine,  mounted  in  the  tail  of  the  aircraft.  Lateral  control  is 
obtained  by  varying  differentially  the  po’jer  output  of  the  power 
sections  on  opposite  sides  of  the  aircraft  in  response  to  motions  of 
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VI  •  -^-A  J..0  P-P  of  I,:.,  t  j  ‘.o'’ 

':'cl  •i’l'*'  ^a>*  r  ^  rout  TO  '‘'run  i;.- 

"M*'*  c'.r.T  1;.  ?“!  1.-  i.^  .r'on  c-rjr"'.:, 
't  ’  '■  ’'o'U;-  ..I  if  1^.  i,:ch  diar.*;’.-r  .  -r.t 

tlv-  T  ;?u' ir  i°:!5iDri  '’’lo  lo  'ir.~  t.’li  rooi 
d'.:ri;.  •  c -‘lo,  ?r:o  tens. c;.. 5  a‘  V  '-  I'*  :i 
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la:*  ’r  :.  ‘-.-rrs  of  :v/ - 
to  t''-'*  -At  vith 
**’.n  t.  «‘in~ 
rol  ^"Mos  '  ero  ass 
''n  is  1' rs  i.iap.  roun.is 
t::.'nr  a:i(i  '  r\6  of  tne  c:'cle 


Dr'^'.'ir.*  sho’/s  -.o*-:  I'.e  L-’fna'if  ■  •I's??  •'rcp  ‘.‘.n"';  turbo-,  't 

or. 'ti’.ius  ccnvcr'’e  in  a  conrion  non 'lo  and  aru  ft,  tbo  tail  ’-t. 

nrrc  •  *  I  ■’’iillci.Mo-l.roe  valves.  conv^ririr'.'"  t-oo  ’’os.'^'ire 

oner 7  of  ti  e  flew  fror.  oac:.  ei.rine  t.as  ro*erj  co:'V''‘rte-:  t.o  vclcinty 
£0  i  aef  flC/.'  car.ncf  o-cur  tnr.ui^h  a  stoppod  or  ‘'af  o  t  c-;  'fic« 
Any  v.-c  of  ^he  ir.vtF.'.jPd  l.nvo  siiffici  -nt  oanaci.ty  :'or 

coiiuiOi  ii  lue  ;';o;  t  lical  fii  *:/  coiid ‘  ■  L,-i  s,  T!.‘'So  mj-*: f 
are  eperatod  only  aurir.’  t.ne  rronv'' r.S' rr',  ar,<i  landin''. 

Thft'-  nay  also  to  dsr<'  as  aix'l.ar''-  noi*' r  sourcos  ^'cr  ''arlTi"  olio 
iT.ain  errp.ne. 


D.  LtJlDiNG  PA.tTlCULAdo  A‘'D  Pl'il-Cdl-j.Krb  .l.LA.lfiCToRIr/ri'lG : 


Me  .el  10L'?.A  and  Model  lOn'D  ■'^ro  icf.’i.li.  '1  in  .j?' n't  c::c''.p\  lor  i:  f- 
installed  podcr  plants  ird  pro’'eiiers#  Model  lU.nA  is  tne  ontin'ir;, 
i.e.,  the  mini.Tinjn  r:ro..s  '•.■ei'-ht  aircraft,  capable  of  accoinplishinc'  Uie 
mission  using  engines  having  the  cnsracteristics  vl,ich  aiv'  estimated 
to  be  attainable  by  196''.  Model  lOl^D  is  based  on  t.rie  rearantecd 
charactari.stics  of  the  Allison  ^>01-0”  engines  schedi’l^d  for  r.ro'iuction 
in  19^f'  and  taker?  advantat-e  the  increased  performance  obtained  by  o'.e 
use  of  water  injection.  By  nakir."  the  initial  take-off  with  neater  in¬ 
jection  and  with  a  20  percent  ov'''rload,  Model  lO'i'D  is  able  to  accoTin.Lish 
a  reduced  mission  which  is  coi.pared  graphical  vrith  the  specified  mission 
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Conirnct  !!orr  16^7  (  M)  1"  '.ny  i  ''h 


in  r  i 'u:*o  2.  T’.o  pro-oll  r  hladrs  cn-’clfifed  for  .'.odei  i.  ;  I  a:**- 
ccr^voncnls  o;'  3  Cnrlirs-  r;"^nt.  prope^llcr  cuiTo;.tly  i\.  nro:  *1'  r.- 
Kodcl  i  J.  D  in'*pro.stT.i3.  itv-reforo,  a:,  it-r  .  •.iaiclv  ‘ovelO  'a*  Ir, 
praciical  Propcllorlar.^-  iranspori  aircraft. 


Ko::ol  10./‘P  r"prc5cnis  ri  clone  approxir^tion  lo  iho  o''iin  n  aiiTra.L 
‘rased  o;.  l,:’  *.h''  Allisor.  ‘"’0-31  ras  '-.irl'n  rc.'uri  ’’jr  pro  ’ic-lor. 

by  1^60,  and  'isinr  propt-llcin  v.-hicn  are  sriall -r  i.r-»n  .erir.nn  currently 
reiny  :j"vclo;>ed  for  u.sc  by  I960.  3y  isin"  '’ater  ir.j  cticn,  boaex  1-..*'^ 
car.  perf  rr.  ir.e  connlooe  risclon  witrioui  cornproni^e.  Hie  cor.!  arative 
•.roi'^iits  cf  Hodels  ibhfA,  10..';',  and  lOlj 'D  are  sr.owr.  .r.  i'irure  1>.  Cj-,- 
Icic  Oroup  Vici'T.t  ^tatcnor.ts  ‘'or  cac'n  nodel  arc  *ab’  l3ie«i  ir.  Table  . 
Firrire  ,  shov.s  iho  porcenta -o  wo'  cit  breakdc.T.  *.cdel 
wei'th*.  of  the  Lurbo-prop  on'inos,  their  reduction  -fariny,  t'r.c  Itft^ny 
propellers,  t'r.c  the  ta'l  tur:.'^-f<'t  en^nrr  s,  '•rouped  ‘cC 'other  as  a  cover 
plant  '^jcirht,  ’recc.nes  alr.o.'*-  ec'tai  *o0  the  airfrane  and  ccritroln  ’n-eitht. 
30  p  rcor.t  of  tie  -rons  is  still  available  ''or  'j.nef  ’l  Ic’d  at 

the  strtr.tc.ct  dcsiyn  '.'ortlccj.  take-off  condition  of  '5°  at  jO-''''*  pres¬ 
sure  altitude.  T”.is  fiyure  cor.parcs  Kith  per.haps  a''out  percent  for 
a  normal  airrlarie. 


The  .most  fom./arri  and  most  rearv''’rd  c..';.  positions  anticinated  are 
sho’/n  on  Dravrinr  10li^A-C»01.  Payload  shifts  of  ^0  inches  a^'e  inciuied 
v;ithin  there  maximum  c.ft.  travels  of  10  inches  and  I'o  ’inches  for  tne 
winr  level  and  vtiny  vertical,  conditions,  respectively. 


The  l^adinr  particulars  of  i-acr.  model  are  shovTi  in  Table  II. 


A  comparative  performance  s  u^.r.ary  is  shoi-in  in  Tath?  HI. 

C.  CHARACTERISTICS  OF  MODEL  lOiiFA; 

The  remainder  of  this  section  is  devoted  to  a  discussion  cf  the  out¬ 
standing  cnaracteristicsof  the  optimura  aircraft,  ilodel  lO.u^'A. 

lo  Basic  Operating  Characteristics; 

Figure  ^  shcn>js  how  t.he  lov’  equilibrium  forvnrd  speeds  of  the 
optimum  machine  increase  approximately  ?0  miles  per  houj’  for  each 
10  decrees  of  forward  tilt  of  the  vrinp;.  This  machine  would  thus 
be  traveling  about  60  fiPH  v;hen  the  win"  was  tilted  30  ief^rer-s 
forv;ard  of  the  vertical. 
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Propelloplano  TraiiEDort  bi-dy 
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^  ort 

i:;  Ha: 


Killer  Helicopters’  expcri<^nc'-  uith  i:iu  Hccted  iir;  riyin  *  rjiatl'crn 
has  imicrtvGd  tiir.  t  y'r.c.y.  a  flov  i  forcii  ly  viM*ecte-J,  ir  ti’at  esse 
ty  the  propeller  duct,  in  this  case  by  i\,e  winy  cnord,  the  corre- 
spcndence  between  air  speed  and  anylo  settinr  is  a  rost  •  ositive 
and  precisely  defined  function. 

Fi(;ure  6  snov;s  hov  ooti'.  the  propcllei  ‘■hrust  ar.  i  requircti  enrine 
power  Icth  decrease  as  the  anyie  is  decreased  .’roii  the  90 
Jej-Tee  vortical  position  used  in  lioveriny  and  forrard  r.pe.xi  is 
yained.  These  desirable  calculate!.  I'asic  characteristics  m.t  •> 
been  ycncraily  confirnod  by  I'ACA  test  rosults.  These  cu^vf'^ 
bascj  uocn  an  analysis  of  this  pariicul'^r  case  and  include  • 
effect  of  rounuin-^  the  outbnard  nacelles  at  the  vin^  tips. 

2.  Propclloolane  Stability  and  Control  Characteristics: 

The  curved  lines  oi»  Firurc  7  shov;  th:-*  fractioii  c:  cros."  '’ci  ‘Y. 
that  nust  be  stpnliod  as  tail  jet  un  o:*  dcawn  force  in  hoverjn**  s-  . 
the  lov;  forv;ard  speed  portion  of  transition  fli^at.  He  tall  . 
up  or  down  force  is  sho’.-m  to  lie  required  at  wine  anyles-cf-at 
of  60  deftrees  or  less.  At  this  anylo  and  lower  anelcs  and  at  the 
correspondinft  forvjard  speeds  of  60  iPH  and  more,  the  horizontal 
tail  can  penerate  enouyh  pitchir.p  monent  to  trim  the  aircraft,  i’  • 
small  magnitude  of  these  required  tail  .jet  thrusts,  ba.'fed  upon  * 
results,  and  consideration  of  the  favorable  shift  of  the  aircraft 
center-of -gravity  as  the  propeller -engine-ving  assembly  is  tilted 
forv.’ard,  is  noteworthy.  Only  2  percent  of  ^ross  v.’cieht  is  requi: 
in  up  or  dov;n  .iet  thrust  to  trim  the  machine.  Actually,  t  y  pcrcc  , 
is  made  available  even  with  one  of  the  three  tail  tuibc-.iet  engin: 
inoperative  to  provide  a  substantial  margin  to  handle  unusual  con¬ 
ditions  and  provide  generous  povrer  to  insure  adequately  high  niter 
ing  angular  acceleration  and  thereby  the  achiever.ent  of  prompt 
control  iespon.se. 

In  hovering  and  low  forward  speed  flight  we  have  provified  angular 
acceleration  control  "owers  of  at  least  12  dcrrees/second*^  about  al 
three  axes.  The  imposition  of  a  transient  pov;or  increase  of  12 
percent  on  one  outboard  nacelle  and  a  power  reduction  of  1'^  oGreent 
on  the  opposite  outboard  nacelle  will  give  rolling  a-'celerations  of 
this  desired  magnitude. 

Figure  P  shows  hov^  the  thrust  of  a  turbo-prop  can  he  made  to  rise 
from  its  idling  to  its  take-off  pcn-ier  value  within  half  a  second 
after  its  power  control  has  been  advanced  to  the  "full  throttle" 
position.  VJith  nropeller  pitch  change  rates  of  up  to  20  degrees 
per  second  being  made  available  in  propellers  designed  for  turbo¬ 
prop  engine  applications,  it  is  evident  that  adequately  rapid  con¬ 
trolled  variation  of  propeller  thrust  can  be  provided, 
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r.  :c  devic  s  Tor  .‘wair.lair.ir. ’  cor/.rcl  follovlr;'*  Tail-re  c;‘  a 
}  r  secLicr:  -und^r  tho  .'.or*,  crii.cal  hovorL-f'  con'*iiion3,  IT, 
fi..  ‘JxartplT',  one  oiv.:  card  so;’ lor.  fail'.'d  •..•...1^  iho  ai;  ” ’a:'*. 

iverlnp  bi  cXH  feet  ni'-iV^ido  and  o-'  ■  r*'  r’- 

.  K’"  .  in  tnc  opposite  outboard  nacelle  and  t:.c  rcrj'.r.lr"  .rorative 
i.os  i.’v.cdia tely  advancod  to  -ilitar'  :)ov;''r.  Nof'^al  ollot 
Tea  •  ;on,  as3’L"*int  tna’i,  he  is  i:;ltially  '.inawaro  of  t  .c  '■  •'''•"enty, 

■vn  •’  1  ’•'0  to  apply  roll  con’oTol  to  .-aintair.  level  a  tt  it -lie  and  In- 
'ro'\r  ir.o  pov'' r  lever  .‘'et^in  ’S  to  nairtain  alt.ljde.  Mc*.*ovcr, 

*...r  I'  'aal  ran  *0  of  roll  control  .ravel  vfill  r.crrally  provi  ai.o  il 
1  P  p'  ’cent  charif'e  in  nower  settings,  •.-.•.''icr.  corresponds  roup.ily 
•'  norcenta'-e  rv  vnicii  niliiar;;  oo’/cr  e.<cce'js  r.orral  rat^d 
t'rt. fhus,  anplication  of  full  roll  control  vflll  not  vc  r  i^'f ; - 
'  trir  r'ne  aircraft  and  aitonatic  ••.‘^fans  of  cor.po:.sat:n  •  ("cr 
‘  *  r  .  :  jatior.  and  sir.ultar.eocsly  siTialin  *  ti’.e  pilot  tnnt  an 
o-,.r*oj  exists  should  ''f’  i'^veloped.  The  ''easibility  of  d' s''cnsinf’’ 

•/' t.'.  nic  '-corinpctino’  shafts  nay  ro  contin'*cnt  uoon  su:  :oss''’]l 
I'-v.  lop  -  ;‘t  of  such  a  device.  Effort  in  this  direction  is  strcnrly 
r''crn-,ei.  d, 

Turl  ino  t-cvelopiurfit; 

i  •.••■lifted  VTOL  aircraft  oroopller  e'^ficiency  in  forv.'ard 
fll ’:it  '•  'neronised  t”  t.'.e  essentially  con.'^tant  speed  operation 
of  '••  ?  r.es,  in  order  to  r.air.tain  reasonanlo  thernal  effici-^ncy. 

or  ’  •  i;  oropeller  for  the  cruisinp  condition  of  a  Pronc-lloplane 
Tr.ansport  woild  be  about  1"^  feet  in  dianeter.  The  lar-’er  dianeter 
required  for  satisfactory  .static  thrust  in  hoveriny  results  in  re¬ 
duced  propulsive  efficiency  in  cruisiny,  if  the  sane  tip  spe^d  is 
maintained.  If  the  tip  speed  j.s  reduced  25  percent,  tiie  pronulsive 
efficiency  can  be  increased  to  about  90  percent.  In  this  study 
propeller  tip  speed  vas  considered  a  constant  900  feet  per  secend, 
which  vjas  found  to  be  the  ontim’um  compromise  value  for  this  nis.sion. 

The  development  'of  twin-spool  turbines  which  nermit  a  wider  variation 
in  propeller  operatin^^  speed  without  penalising  .he  turbine  efficienenr-, 
would  improve  Propelloprlane  performance  appreciably.  This  improvem'^'nt 
must  be  weirhed  against  the  inci eased  vjei^ht,  cost,  and  maintenance 
associated  v;ith  the  more  ccmolicaied  free  turbine  engine. 
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!’•  other  tyner  capable  of  tl.  s  I'i  ."'si  or.. 

i )  Modem  Car  yo  Handlin'^  MQtb.oo.s : 

Military  sponsored  studi  .s  :  -actiiods  of  ''.andl'n"  air  oaruo  un '’’ently 
in  proyresE  .sho’.-j  that  remcarkable  'ains  in  trcan.spo^t  cnpac'ty  are  attain¬ 
able  by  usinr  on'''inepred,  interrated  car  ’o  liandliny  sy.s  ons.  .  ;p 
spnctac’lar  pcrfomancp  of  tlie  Prooelloplanc  Transport  would  .  . 
improved  more  by  modern  method  of  loaoin.''  and  '.mloa.l'mi''  '  cca  ise 

of  the  lower  bioclc-to-t  lock  time,  ini.s  item  i.s  cited  merely  to  call 
attention  to  the  vrork  that  is  beine  done  in  this  field  and  to  suryost 
that  is  is  appropriate  to  consider  its  imnlications  at  the  earliest 
stages  of  planning  for  future  caryo  aircraft. 
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Propelloplcinc  Tra.'.apori 
Cof.iraci  )iorr  lo9  (Od) 


~  r* 
^  r  < 


n . 


1' 

•k 


-  .!r.1  . 


?no  rcsulis  of  '-■".e  r*  j  '-i.'.  -i  •*.*<  t  ’ 
Trar.sporution  Corps  ur.jor  >f  )’  r.r  I''  *"'  (  ■  ) 
Ji'aval  .torear''i’.  sui  siar.i^a**:  •  .<•5?*;  2c:.r\  sior.n: 


Tl’.e  Concept,  c**  t,ili 

^  w*  * 

f  ^  f  •  ■  •  A  4p 

.■  0  "  1  f 

if* 

T"!  • 

•  '•r  j  p  ‘ 

:  •  -a'  I” 

a 

:osi'*r.  ar  j  cor.3 

•  rt  •’ 

ir-  c*’  a  Pr 

C'  1  io' 

ra* 

perforn’ r.  •  t,;v  rr”'': 

1  f  i  e  ■; 

•  •  t  *  N*  ^  '  t* 

«  ^  t  > 

'or'  ^  ,  . 

thni,  arc  sciuu:  iled 

for  • 

ro  .U'’tic:' 

i'wd. 

Dcsi  •;•.  ar.'i  consir.i.; 

:i  o: 

-  ■  -  Pro'jc' 

lo  'rapa 

forrir.rt  a  rll'^hily 

Vi  .  iC 

J  .iriiion, 

js.r  - 

f* 

i>  w 

for  rod  ji: tior  ir.  1 

'y* 

'  '  } 

}  w  . 

in  the  .TCJS  -.roi'-r.l 
capable  of  t.ic  sp^c 

o:  • 

if 

■.*  r.rc..i!.e 

'.t  -Sion. 

‘  cl  O’.;  ;  0 

V  ! 

The  devrlocn^’.r  •)robl-  r.s 

1.  V.  Ivfd  1 

!  t:;  ■*  ‘os:  V. 

tior  of  a  PrcpelkOolnr/  •  rc  !  •.a-f’ro  is 
ot:r  present,  lecr.nolo;';;*. 


CONFIDENTIAL 


17 


CONFIDENTIAL 


Pro;;  I  r'>:  spc  ** 

Oor.*  raei  Jici.r  j  ) 


APPii?>D:x  -  ?iPiiCio'vP;n 


n.  J 


Li^  -raiu.'C  r  ;rvcv3,  't:  ti  (evil's- \1  -  f  '-.r  . 

for  hap.rillr.'  *”.0  prol'.T^  •x-.-.  •  •.*.  .I’..,'.  •-  c-  f  l.*-.-*  1  •• 

airar'i’i  cc.'.s* It, *>;*«*  1  i;.c  *r(?a*-':r  ■  ■  :'t,  c  *  .  o  vor<  '  t  ?'  .  r-  - 

fponccr.j^'  a.  1  oc  •  r^.:.n  r:  'll:*  n;.  :a-- 

i  ircrj  ar.Li  ;v>rrw:unc’l  :f  v...  ' 'f-lo!)ai  A:v;rcr*  :'r 

A  ror.a  'iic.i,  Ar.^s,  ar.d  Lar.rloy  Ln'oraLorl  y  ••  .-.•■'Ij  •.'r-  \  •  r 

ov.t  v.'.c*  cc'irs'^  of  a.*'/'  '‘ji'i'**  "/*.*. -'or  "uri  *  f.T*'  ■*  *.•  ajs***'- 

ar.ce  .'Vf^icr  1  . Pror«*il  -r  I  lv.aLor.,  "ir-ir:-  ri  vr.  'crrjra'..c ;  , 

'tcv''loni r."  a:  <  ’i-jal  o'*  ‘yi.r.ai.r/*  vci  *  .vy  t  '  ’  ••'"t . 

The  i;.ro:*r,f 'lor.  rocci v.-jc!  'ro-.  '  r.  C:.arl*''!i  r.orr.ar.  o'*  i  ^  Lar.''!''*- 
Acronaul' :al  Laborator*  Ir.  rc~nr  ;  Vi  t;.''  .;y‘'  o*'  ?*:”-ic/.a  •:  :  ra  a* 

also  '.clpf.:!. 

The  derails  o'*  v.*:  so’jrccn  of  ir.forr.avicn  ar.d  ar»alvLlcal  yt  ;3  ;r  a 
tnir  study  :orr.a;!.ed  ir  'Lllor  •’•<^11  JOT^ers  r.;..:  'c  irts  sd- 

r-itted  v.*i t’r.  t.ie  ProTcss  .ietortr  ar.i  vit.'s  this  r^'  crt. 

The  follovrir.r  birlio  traphy  lis:r.  Hili-'r  Er.rir.oc:  inr  te^'orts  that  forr 
a  part  of  tiic  vork  r.t:br.itivd  an  icr  Contract  i.er.r  IrT*’  [y)  and  ctner 
roferer.ccs  con.. ul tec  in  the  course  of  thi.s  study. 

A  •  Hiller  Helicopters  En.'ineorint:  Hooorts  Submitted  as  Part  of  Con  tract 
Monr  i6'-?7  (Oo); 


Title 


bubni tted 


1.  deoort  l-.o,  hbl.l,  "Var iatiori  of  Propclloplane 
Win"!  Vvci  -ht  with  Gror?  .feipht,  Aspect  .tatio 
and  Wir.'-  Loadinrf. 


Aupuct  1  19br 
as  part  ».  f  P:  orre- 
Heoerr.  :'c,  ?„ 


2.  Report  !'o,  12",li,  "Aoplic.atioi.  of  Kodel 
Propeller  Test  lionent  Data  to  Full  Scale 
Pronollcrs”. 


October  I'",  19^’' 
as  part  of  Pro-r-tss 
.(eror^t  ho.  3. 


3.  Report  ho.  ;46l.3j  "A  .-i.-nlified  Theoretical 
Invest!  f'ation  of  a  V/in.-’-Propellcr  Conbination 
Through  a  Rait^e  of  An'^les-of-Attack  from  0^ 
to  90*^  ar.d  a  Co.nnarison  with  Experimental 
Results.” 


October  1'",  1''!“' 
as  uart  of  Prc'^rej's 
iieoort  !"o.  3. 


li.  Report  ho.  630.^.,  "Generalized  Shaft  Turbine 
Characteristics”, 


December  19, 
as  part  of  Froaress 
Renort  lio,  Ir. 
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Propel,  o;. 
Cor.  •• 


.  '  (  O 


‘j' 


.  -  p 


r-**  *"'or’.  P-e;  !  T  ’  •'.* 

!!i  ’  V  ■  ' . 


*.  I’o.  .  ,  '"j  .  '  ::  .  .<i-‘  l.jiy  • 

T«::ij  cf  Pa:;.,  "’.r.  Lc  -.  "■  Ai.a!’,....  r  Ay  nr’ 

ProoeliColArc  T:’n;iy:  ?ri  J .  r;v  -  Ccnw."*’.  '  iM.r  (•  >.r: 


>no.  -  :;o.  1  'T-*'* . 

a:  a  I'miril  iierc:  :.". 


:.Ay  - 

dz  pa: i  o: 


9.  .(Prori  *’o.  .  Prwf'll..  l  ne  1  ,  i  ?‘'j 

Cpe*. .•Llcr.-nl  Aralyyir.'’.  as  par.  f 

5  L''r.A'''‘ 

B •  ile:Vrencgg  and  Bibiio.^iv^iv' : 

1.  Drapiur.  J.'I..  or.d  r'.j!;n.  .i.L..  "Investi  i  ci.  cl’  t.v:  Ao.'o  lyaa.nic 
Ch.Aracieriyiicy  of  a  l.odel  ..in~-Propellcr  Cu".!  jr.Ai,jc:'.  a: 'i  of  i  c 
and  Propcilir  .S:  ''ir.?'.--! ’•  at  Ari'-L-'s- ud  ‘.o  '/o'’". 

IIACA  Tec;irLC^>l  lictc  330!..  ’  o v'er, 

?.  I-icLcr.or'’-'  n.d  Ca.nric:. .  1  .D. .  "Acr'KivL  ni" i :  Ir.Vv  sti^atior  of  a 

Foui’-I'lrde  P'’oi'cr..e:'  Ope;  >  •  T.  .O'  •  a.  A:, -.v -o  ' -Ai  ,.ac!:  bnre 

frcn  0^'"  to  IV'".  I:ACA  T  .  I'ovi  i>‘  ,, 

3.  bnell,  d,-  :^A.,  and  Davien.  tiivii  c'.  'f'  .lTicrea.‘='f' 

in  Lift  due  lo  olipa  a'ann",  i  1.  o,  1”''’'  .  'uiC  Tof''j.ijaJ. 
Report,  1937» 


"Propeller  Performance  Anaj^vSis  Prccedice  arid  Data''.  CurLisc- 
V/riyht  Gorpor’ation,  Propeller  Div.is.icn.  .:e‘vo>.  t  !  e.  1-lHOO, 

Tunnel  Test-  of  a  llon-Rotetinr,  ^ror'ellt^r"  .  Curties-.ri  pht 
Corporation.  Propeller  Livasion,  Report  Ro,  G-?5'3r<. 

"The  IxP  Propeller  Vibration  Problem  and  Related  l^ffects", 
Curtiss-l/rif^ht  Corporation,  Pr'opellor  Division,  Report  liOo  0-  131. 
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Propeller  lar.e  Transpori  L»i  -icy 
Coniraci  !ior»r  16-7  (OO) 


6urrar.'  rc;  'ri 
15  May  n-6 


7. 


"A  Method  of  HsLir*atln»'  tr.e  Propeller  :ir.aft 
r’irst-Orier  Propeller  Excitation",  Curtlsr--'.' 
Propeller  Division,  Hoport  !io. 


Induced  'rv 
Corpcratlon, 


P.  "Cui’liss  Turboclectrlc  Propeller  Prelir.lnary  Plade  and  5nir.r.er 
Jlress  Investigation  - 

Model  CT'oLP)  655-A  Propeller 
D-sitpn  1060/1761-1X5-30  Blades  (16’0") 

Allison  XT':0-A-'' 13  Mr  rjlne  (.063^)  and 
Allison  X?;.^-A-l  I  Endin'?  (•  '"O^) 

Loc'rdv  ed  XrV-1  Airplane  (Mo  i-’l  O^l) 

Contract  NOa(s)  53-6:. "-c  Lot  Iter.  7" 

Curtics-Iripht  Corporation,  Propeller  Division,  deport  L‘o.  C-  "7. 


9*  Curti3s-.’*rir:ht  Corporation,  Propeller  Division,  Unpubli.shed  Ker.os: 

(a)  "Estiruitinp  Forr:ula  for  3a.‘iic  Propeller  V.'cip;ht",  January'  1‘,  10‘  i  . 

(b)  "An  Apnroxinato  Prooeller  V.'ei i*ht-Strenrth  Fornula",  October 

19^'5. 

(c)  "An  Anproxinate  Propeller  'aei»:ht-Aq  Mclationshio",  Movexher  11, 

1955. 

(d)  "A  More  Accurate  Propeller  V.'eirht  Formila  Based  on  the  Aq  Factor", 

Dece.'T'.ber  1,  19''5. 


10.  "Proced'-ire  and  Data  for  Propeller  Perfornance  Analysis",  Aeroproducts 
Division,  General  Motors  Corporation,  deport  Mo.  190. 

11.  Garbell,  Maurice  A.,  "The  Ground  R'ln  of  Aircraft  in  Landing  and 
Take-off  in  ICAO  Units",  Garbell  desearch  Foundation,  Garboll 
Aeronautical  Scries  Mo.  3. 


12.  "The  ("Rp")  Graphical  Method  of  Paranetric  Analysis  for  the 
Development  of  Optimum  Preliminary  Desi/Ti  Aircraft",  Hiller 
Helicopters  Report  Mo.  .h73.^. 

13.  Curtiss-v/rieht  Corporation,  Propeller  Division 
Catalog:  "Electric  -  Mechanical  -  Turboelectric" 

Curtiss  Propellers  -  Current  Models  for  Reciprocating  and  Turbine 
Aircraft  Engines,  September,  195^4 . 
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ENGINE  AND  NACELLES  AUXILIARY  CONTROL 


EIGHT  ENGINES  -  FOUR  NACELLES 
NO  INTERCONNECTING  SHAFTS 


FOUR  ENGINES  -  FOUR  NACELLES 
INTERCONNECTING  SHAFTS 


TAIL  JET 

AUXILLIARY  TURBOJET  ENGINES 


I 


TAIL  ROTOR 

AUXILLIARY  TURBOPROP  ENGINE 


1^' 

V 


FOUR  ENGINES  -  TWO  NACELLES 
INTERCONNECTING  SHAFTS 

A 


FOUR  ENGINES  -  TWO  NACELLES 
ENGINES  GROUPED  IN  FUSELAGE 


U  M  M  Jl 

a,  a — 

-  — 

I' 

"i 


TAIL  JET 

MAIN  ENGINE  AIR  BLEED 


TAIL  ROTOR 
MAIN  ENGINE  DRIVEN 
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LANDING  GEAR 


DUAL  TANDEM  LOW  PRESSURE  HIGH  PRESSURE 

WHEELS  AND  SKID  DUAL  TANDEM  WHEELS  MULTIPLE  WHEELS 


FUEL  STORAGE 


PYLON  MOUNTED  TANKS  TIP  MOUNTED  TANKS  FUSELAGE  TANKS 


CABINS 


UNPRESSURIZED 


n. 


PRESSURIZED 


PROPELLERS 


SINGLE  ROTATION 


DUAL  ROTATION 


FIG.  I 
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MODEL  1048  0 
PERFORMANCE 


8000  Ibi 

1 

1000  Ibt 

llllllll 

11  1 

PAYLOAD 


300  mph 


1 

1 

1 

1 

liiiU 

c 

RUISE 

SPEED 

RADIUS  OF 
ACTION 


SPECIFICATION 


MODEL 

I048D 


FIG  2 


COMPARATIVE  WEIGHTS 


GROSS  WT 


EMPTY  WT 


r 


I048A 

(1965) 


I048B 

(I960) 


I048D 

(1956) 


GROSS  WT. 

71250 

lOIOOO 

83600 

EMPTY  WT. 

50200 

70935 

59820 

FIRST  LANDING 

65650 

91050 

76000 

2nd  TAKE  OFF 

61650 

85600 

71000 
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FIG.  3 
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MODEL  I048A 
PERCENTAGE  WEIGHTS 


AIRFRAME  a  CONTROLS 


FIG  4 


MODEL  i048A 
FORWARD  SPEED  VERSUS 
WING  TILT  ANGLE 


90  80  70  60  50  40  30  20  10  0 


WING  ANGLE  -  DEGREES 

FIG.  5 
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MODEL  I048A 
POWER  REQUIRED  VERSUS 

thrust  wing  tilt  angle 


FIG  6 


MODEL  I048A 
TAIL  JET  FORCE  REQUIRED 
FOR  TRIM  AS  A  FUNCTION  OF  WING 
TILT  ANGLE  AND  C.  G.  POSITION 


FIG.  7 
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TYPICAL  TURBINE  TRANSIENTS 
FROM  TEST  RECORDS 
TO 

POWER 
LEVER 

FI 


BLADE 

ANGLE 


TIME-SECONDS 


FIG.  8 


MODEL  1048  A 
MISSION  profile 
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FIG.  9 
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MODEL  1048  A 

PAYLOAD-RANGE  PERFORMANCE 


10- 


0- 


0- 


MILES 

RADIUS  OF  ACTION 


FIG.  10 
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GROSS  WEIGHT  X  lOOO  LBS  HOVER  TIME  AT  SEA  LEVEL 

(MIN.) 
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MODEL  1048  A 

HOVER  TIME  VS  RADIUS  -  SEA  LEVEL,  STD. 


MODEL  1048  A 

TAKE-OFF  DISTANCE  VS  GROSS  WEIGHT 


TAKE-OFF  DISTANCE  TO  CLEAR  50  FT -FT 
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FIG.  12 
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i,  «.'  •  rc..:- 

.  Tail  >1- 

•'oi:y  'ir  u ) 

1.*  ALL  i  ir  "r 

‘5.  S  iri'  icv  CoMrcls  .-v  i,. 

6.  Cocir..!*.  C.*.Mroi»> 

P‘ lot, 

P.  iysier.  Ccnt-rols 

5*.  Ain-  Tilt  Kccnaj.lsr. 

10.  Snrin*;  or  Orotp  I  .) 

11.  Prcpnlnio;.  'iro-rp 

12.  *  F.r.'lno  Ir.rtallatio:i  -  K^^j.  (  .) 

13.  Trar.anlnsLon  a;u  Drives  (.*;) 

IJ..  F’.iol  Systora 

15*  Vinter  ':.3«-*eticr.  Sy.stcr. 

16.  Pro*  cUi’r  Inat-allatlon 

17,  Propellers  (■;) 

10,  Spinners  (i;) 

19,  Propeller  Control 

20,  »  Supplemental  Control  Enj'ir.o  Installation  (3) 

,  Suppl oriental  Systor.  Control 

22.  InstriLmoz.ts  and  Kavi''aiio::  En/itprent  C-rouo 
23*  Hydraulic  and  Pr.CMynatic  ".cup 
2L,  Electrical  Croup 
25*  Electronics  Oroun 


26. 

r  i;n;isi5in-s  Equipment  Jroup 

27. 

*»Acconr.o(iations  for  Personnel 

1165 

26. 

Miscollaneou.s  Equipment 

130 

29. 

Furnishings 

a  5 

30. 

Emergency  Equip.ment 

hhO 

31. 

Air  Conditioning  and  Anti-Icirif''  Squip.neni  Croup 

^0'- 

32. 

Air  Conditioning 

200 

33. 

Anti-Icing 

(m 

3a. 

Anti -Icing  -  Pro])'-*!!'.  ■  (  .) 

300 

35. 

Anti-Icing  -  Otner 

300 

36. 

Weight  Entity 

CM  1, 

37. 

Useful  Load 

'’1070 

38. 

Crew  (3) 

600 

39. 

Fuel  -  Mission 

11220 

ao. 

Fuel  -  Control 

930 

ai. 

Oil 

300 

a2. 

Troops  ar.d/or  Cargo 

8000 

a3. 

Design  Oross  V.''3ifyit 

71250 

iia. 

Fuel  -  Overload 

0 

a5. 

Water  -  Water  In.ieetion 

0 

a6. 

Take-Off  Gross  Weight 

71250 

Engine  installations  include  air  induction  systems,  exhaust  systems,  cooling 
systems,  lubricating  systems,  engine  controls,  and  starting  systems, 
■JH^Accommodations  for  personnel  includes:  3  crevj  seats  &  safety  harnesses  =  150  lbs 
35  infantry  men  S'-^ats  =  350  lbs.;  toilet  f.  vashing  facilities  »  200  lbs.;  and 
oxy'-en  installation  (including  charge)  for  3^^  mvsn  for  3  hours  duration  =  i|85  lbs 
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iUi.T  ■.rnTT’-A-V.!'L\T 


,  ■  r  -  m 
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J. 
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'  t  * 

S2-0 

\ 

.  1 

• 

^3" 
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!  } 

r 

(, 

'  2- 

/  ) 

1  • 

1  • 

1  . 

l.V.r3 

1). 

S' 

*  1 

li;. 

'  ■) 

1 .  •• » 

IS. 

m 

IJ. 

131  '« 

lar.o 

L''. 

2ao 

:  0 

Iv. 

vr. 

1^0 

''0. 

1 '  n 

»» 

» 

21. 

.(Y) 

ao 

22. 

see 

23. 

6is 

'  Vi* 

2:.. 

11- 

V-, 

OJ'  , 

500 

SCO 

26. 

1800 

27. 

llSS 

U2-' 

136 

130 

2'^, 

nS 

i.S 

30. 

aao 

:JiO 

31. 

800 

C-Q 

32. 

200 

200 

33. 

600 

6"0 

3i:. 

300 

3f^0 

33'. 

300 

300 

30. 

7ia3S 

20 

37. 

21S6S 

11  ■.30 

3^. 

600 

600 

39. 

ll.’iSO 

3600 

liO. 

121^' 

930 

ai. 

300 

30c 

a2. 

P()00 

oorx) 

Ii3. 

93000 

712s: 

aa* 

6SS0 

as. 

laso 

290' 1 

a6. 

101000 

32,  ^0 
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:.A.c 


..nu:).  t  p;  ''I' 


Kouol  I'J  .  ^ 


^irv'T.'.sionii 


1^4. ''til  (OvctaU) 

• n '  -  0" 

■6'  - 

< 

•  -  ')'• 

V.'lctn  (C  asidc  of  Prcpell.rs) 

Of’l  _  .'I 

1  J'  -  9" 

-ri  ,  (1 

:iel;’nl  (?o  ?cp  of  t?:'Lical  Kin) 

j-. .  - 

1  ^  "  *1 

1  „  ,yi 

V‘»}lrMl3  ar.d  Loadiivs 

EnpV'  V/olrhi,  L‘rs» 

j?y: 

"  ,1.' 

- 

:: 

Pa-  lcao.  L:r.. 

i 

>  , 

I4ilr.  .“401,  L‘.  5, 

V 

1:  ' 

• « 

A»»:^iiiar-  Control  r  scl,  L'rn. 

^  * 

1  1  > 

V . 

CU,  L‘  s'. 

•>  -0 
✓ 

’  J 

i ) 

‘./alcr-Alcohol.  L'^n. 

1 

'  t  * 

Dost  'll  Oross  Lis. 

71? -'n 

" 

^  * 

Ov<  rload  ruol;  L'  s. 

0 

Take-Off  Ircfi.’  Vlclfhl,  L  s. 

71'*^  ' 

y-:. 

inan  (i3ciwrrn  Gcr.wrlirxs  of  Ou'^i-oard 

Kacolk  s) 

71'  -  1 

■1'  -  .1" 

% 

Area,  bquar.f  reel 

79.? 

V  ■« 

foy 

Aspect,  iiatlo 

#  ^  • 

Taper  ..alio 

:  1 

":1 

Airfoil 

K.A.C. 

10’  -10" 

11  -  6" 

1 

'  -  10" 

Tail 

Vertical  Tail  Area,  Square  Feet 

211 

?;i 

211 

Horizontal  Tail  Area,  Square  Feet 
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